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Objective
• To develop an understanding of methods to evaluate erosion 

caused by river currents and waves.

Key Concepts
• The rate of erosion is a function of the erodibility of the bank material 

and the hydraulic shear stress exerted on the bank from the flow and 
waves.

• Soil, vegetation, channel curvature, and armoring all affect the 
resistance to erosion.



Note:

Chapter D-4 Riverine Erosion 

in Best Practices for Risk Assessment 
is under development and will include 

information from this presentation.



Presentation Outline
• Soil Erosion Model / Theory

• Water-Induced Shear Loads

• Levee & Foundation Modeled 
Factors and Soil Parameters

• Use of Erosion Spreadsheet



Based on Soil, Water, Levee, Armor and Vegetation Model used 
in the USACE Erosion Toolbox

Total Erosion (ft) = Erosion Rate (ft/s) x Time (s)

Le =       x  T

Soil Erosion Model



Soil Erosion Model

Daniel Nylen, American Rivers

California DWR

Briaud 2011



Presentation Outline
• Soil Erosion Model / Theory

• Water-Induced Shear Stresses

• Levee & Foundation Modeled 
Factors and Soil Parameters

• Use of Erosion Spreadsheet



Soil Erosion Model: The Water Part

Briaud et al., 2001

Waves Flow Current Soil Properties 



Current-Induced Shear Stress 

Where bed roughness is a function of grain size of 

the bed material (D90 X3) and is determined by 

selecting the roughness of the material using the 

chart below and considering the dominate bed 

grain size. 

Shear stress exerted on the boundary (i.e., bed, banks, 

vegetation) by the flow. 

𝝉𝒔 =
𝟏

𝟐
𝝆𝒇𝒄𝑽

𝟐

𝜌 = mass density of water (slugs/ft3)

𝑓𝑐 = current friction factor (dimensionless)

= 2(2.5 ln  30h kb − 1 )−2

h = water depth (ft)
kb = bed roughness (ft)

V = current speed (ft/s)

= Vave, average current speed for straight channels

= Vss, maximum velocity in the bend if on the outside
of a channel bend (levee)

(lb/ft2)



Current-Induced Shear Stress 

Shear stress should only be calculated using the 

above equation in relatively straight channels.  

Shear stress exerted on the bank around a bend 

should be quantified using an alternate 

procedure. 
Roberts, 2003



Current-Induced Shear Stress –
Around a bend 

Nomographs used to 

relate the maximum 

velocity around a 

bend to average 

velocity as a function 

of bend geometry 

and water depth 

(Maylord, 1995).  

This relationship was simplified by using a fitted 

Sigmoid function that relates the ratio of maximum to 

average bend velocity to the geometry of the bend, 

described as the “bend factor”.



Current-Induced Shear Stress –
Around a bend 

Near bank shear stress around 

a bend is typically described by 

the deviation of near bank 

velocity from mean velocity.  

Estimate the ratio of maximum 

velocity to average velocity 

using the diagram below. 

Solve for 

average velocity 

using  your 

favorite flow 

resistance 

equation to the 

right. 



Wave-Induced “Orbital” Stress
𝝉𝒘 =

𝟏

𝟐
𝝆𝒇𝒘𝑼𝒃

𝟐

𝜌 = mass density of water (slugs/ft3)

𝑓𝑤 = wave friction factor (dimensionless)

= exp(5.213
𝑎

𝑘1

−0.194

− 5.977)

if
a

𝑘1
≤ 1, 𝑓𝑤 = 0.47

(lb/ft2)

𝑘1 = levee slope roughness (ft)

𝑎 = horizontal mean wave orbital motion at the bed ft

=
𝐻

𝜋

1

sinh
2𝜋ℎ
𝐿

𝐿 = 𝑤𝑎𝑣𝑒 𝑙𝑒𝑛𝑔𝑡ℎ ft

=
𝑔𝑇2

2𝜋
tanh

2𝜋

𝑇

ℎ

𝑔

3/2 2/3
ℎ = 𝑤𝑎𝑡𝑒𝑟 𝑑𝑒𝑝𝑡ℎ ft =

2𝐻

𝑇

1

sinh
2𝜋ℎ
𝐿

𝑈𝑏 = ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝑚𝑒𝑎𝑛 𝑜𝑟𝑏𝑖𝑡𝑎𝑙 𝑤𝑎𝑣𝑒 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑎𝑡
𝑤𝑎𝑡𝑒𝑟 − 𝑠𝑜𝑖𝑙 𝑖𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒 (𝑓𝑡/𝑠)

𝐻 = 𝑤𝑎ve height ft

𝑇 = 𝑤𝑎ve period 𝑠



Wave-Induced “Orbital” Stress
𝝉𝒘 =

𝟏

𝟐
𝝆𝒇𝒘𝑼𝒃

𝟐

𝜌 = mass density of water (slugs/ft3)

𝑓𝑤 = wave friction factor (dimensionless)

= exp(5.213
𝑎

𝑘1

−0.194

− 5.977)

if
a

𝑘1<1
, 𝑓𝑤 = 0.47

(lb/ft2)

𝒌𝟏 = 𝐥𝐞𝐯𝐞𝐞 𝐬𝐥𝐨𝐩𝐞 𝐫𝐨𝐮𝐠𝐡𝐧𝐞𝐬𝐬 (𝐟𝐭)

𝑎 = horizontal mean wave orbital motion at the bed ft

=
𝐻

𝜋

1

sinh
2𝜋ℎ
𝐿

𝑳 = 𝒘𝒂𝒗𝒆 𝒍𝒆𝒏𝒈𝒕𝒉 𝐟𝐭

=
𝑔𝑇2

2𝜋
tanh

2𝜋

𝑇

ℎ

𝑔

3/2 2/3
ℎ = 𝑤𝑎𝑡𝑒𝑟 𝑑𝑒𝑝𝑡ℎ ft =

2𝐻

𝑇

1

sinh
2𝜋ℎ
𝐿

𝑈𝑏 = ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝑚𝑒𝑎𝑛 𝑜𝑟𝑏𝑖𝑡𝑎𝑙 𝑤𝑎𝑣𝑒 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑎𝑡
𝑤𝑎𝑡𝑒𝑟 − 𝑠𝑜𝑖𝑙 𝑖𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒 (𝑓𝑡/𝑠)

𝑯 = 𝒘𝒂𝐯𝐞 𝐡𝐞𝐢𝐠𝐡𝐭 𝐟𝐭
𝑇 = 𝑤𝑎ve period 𝑠

k1 based on input soil type

L is function of water depth and 

average period of the wave (T); 

where T is a function of the wave 

stress factor and fetch length

H is function of water depth, wave stress 

factor, and fetch length



Wave-Induced “Breaking” Stress - Based on Amount of Energy Dissipated 
During Wave Breaking

Shear stress applied to the levee by energy dissipated during 

wave breaking.  Most energy is lost to generate turbulence; 

therefore, the energy dissipated during wave breaking is relatively 

small compared to the total energy.

The user defines the efficiency of wave 

breaking to erode sediment, maximum 

fetch length, and depth of water; from 

which, the wave generated shear stress 

is calculated. 

Assumptions:

1) The rate of energy dissipated by 

wave breaking is a function of shear 

stress and velocity.

2) The speed at which energy is 

propagated is referred to as the 

group velocity.

𝑔 = gravitational acceleration (ft/s2)
ℎ = local water depth (ft)
𝑘 = wave number (ft-1)= 2𝜋/𝐿
𝐿 = wave length (ft)
∆ = energy dissipation rate (lb-ft/ft2s)

𝑐𝑔 = 0.5
𝑔

𝑘
tanh 2𝜋

ℎ

𝐿
1 +

2𝑘ℎ

sinh 2𝜋𝑘

𝑐𝑔𝑑
2 =

𝑔𝐿

8𝜋

𝜏 = 𝜀∆/𝑐𝑔

𝜀 = portion of energy dissipated by wave breaking that is 
dissipated as bed shear stress (efficiency)

Group velocity, cg

If assume h/L>~0.5 

(deep water)

Shear stress



Energy dissipation in surf zone

𝐷 =
1

4
𝜌𝑔𝑓

𝐵𝐻𝑚𝑎𝑥
3

ℎ



Presentation Outline
• Soil Erosion Model / Theory

• Water-Induced Shear Loads

• Levee & Foundation Modeled 
Factors and Soil Parameters

• Use of Erosion Spreadsheet



Soil Erosion Model

11/38

Waves Flow Current Soil Properties 

Briaud et al., 2001



Geotechnical factors that affect soil erosion 
rates

1) Soil Plasticity

2) Soil Compaction

3) Moisture Content

4) Heterogeneity of Soil

5) Armoring

6) Vegetation



Geotechnical factors that affect soil erosion 
rates – Armoring

Armoring is the             

placement of erosion 

resistant material 

(i.e., riprap) on the 

waterside of a levee 

to prevent erosion. 

The resistance of the material to erosion 

is described by a critical velocity, which 

once reached, mobilizes and strips away 

the armoring.  Once the armoring fails, 

erosion rates are calculated using the 

properties of the bare soil underneath. 

The armor layer can fail through shear 

stresses exerted by (1) current forces of 

the flow and (2) wave action. Both are 

considered in the soil erosion model. Chart used to predict the critical velocity of riprap material based on 

the diameter of the riprap, and specific weight of the stone and water.



Geotechnical factors that affect soil 
erosion rates – Vegetation

Harmful: Large widely spaced 

trees with or without exposed 

roots on waterside levee.

Vegetation can have a mixed effect on erosion rates. Similar to armoring, a critical velocity should be established for 

the vegetation cover, above which vegetation is removed and the erosion rate is calculated by the properties of the 

bare soil underneath.  Vegetation can be classified as: 1) helpful; 2) harmful; or 3) neutral/none.

Zina Deretsky, NSF

Helpful: Grass cover, low-lying 

uniform shrubs, etc. that act to 

slow down near bank velocities. 

Effectiveness depends on flow 

velocity and wave height.

Neutral/None: Levees with limited 

to no vegetation.



Correlation between critical shear and 
erodibility coefficient

“Hanson” erosion resistance, 
“Briaud” erodibility, and Levee 
Erosion Toolbox (URS 2007) 
default values for kd and 
associated τc for the various 
“Hanson” erosion resistance 
classifications and Shield’s 
Diagram τc  from Briaud
(2001) to be cited as the 
primary source for analysis 
parameters in Engineering 
Manual 1110-2-1913.

User selects an erosion 
classification descriptor based 
on the Hanson and Simon 
(2001) to determine 
appropriate critical shear and 
erodibility coefficient.



Soil Erosion Model

11/38

Flow Current Erosion Length 

Total length of erosion is determined by separately calculating (1) erosion length 

due to wave and current shear stress, then (2) summing those lengths. 

Le(current) =     (current) x T

Le(waves) =     (waves) x T

Wave Erosion Length 

1. 2.

Total Erosion Length 

Le(total) = Le(current) + Le(wave)Where T is time,       is the erosion rate for each 

respective shear stress, and Le is the erosion 

length for each respective shear stress.



Presentation Outline
• Physical Model / Theory

• Water-Induced Shear Loads

• Levee & Foundation Modeled 
Factors and Soil Parameters



How does erosion rate/length relate to risk?



How does erosion rate/length relate to risk?

erosion rate x event duration compared to the effective width 

of the levee

Failure occurs when total erosion > levee effective width



Questions?


